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I. General Considerations 
There are many different congenital malformations and 
combinations of malformations of the cardiovascular system 
now identifiable by noninvasive or invasive means. It is 
impractical to attempt to define limits for patients with each 
of these defects, but for this conference several common 
defects have been considered. These defects include ob•
structive valve lesions of the right and left heart, left to 
right shunts and right to left shunts including those with 
pulmonary hypertension and those with pulmonary stenosis 
or atresia. In general, when a patient has more than one 
cardiac anomaly, the recommendations stated for the more 
severe hemodynamic abnormality may be followed. Oc•
casionally, however, sports participation may be limited 
more by a combination of moderate lesions than by just one 
of those lesions. 
For the physician to decide about the appropriateness of 
competitive sports for the athlete with known heart disease, 
it is necessary to know certain relevant data of the history 
and physical examination. The electrocardiogram and chest 
radiogram are also generally helpful. In some cases it may 
be necessary to have additional information provided by the 
electrocardiogram, exercise tolerance test, the 24 hour elec•
trocardiogram or cardiac catheterization and angiography. 
In the mild forms of these common anomalies, all com•
petitive sports, including high physical intensity sports, usu•
ally would be permissible. In the moderate form of these 
anomalies, moderate physical intensity sports usually would 
be safe but individual evaluation may be required. In the 
severe form, strenuous exercise could be detrimental to cer•
tain patients, leading either to an irreversible worsening of 
cardiovascular status or possibly to sudden death. 
In patients with one of these anomalies, the presence or 
absence of subjective symptoms (whether the patient or 
parent, or both, supply the historical data) may be mis•
leading. Important cardiovascular dysfunction may be pres•
ent in the child with a negative history. However, symptoms 
such as fatigue and palpitation may be reported by the parent 
or the child who proves to have a benign form of defect. 
Repeated history-taking during visits to the cardiac clinic 
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sometimes leads the patient or the family to put excessive 
emphasis on normal physiologic phenomena that otherwise 
might have gone unnoticed in the individual without heart 
disease. 
II. Types of Congenital Defects 
A. Atrial Septal Defect, Unoperated 
Definition and evaluation. An atrial septal defect in•
dicates any persistent communication between the atria. Most 
patients with atrial septal defect in childhood are ~symp­
tomatic. Atrial septal defect is one of the anomalies that 
can usually be diagnosed on physical examination alone 
provided that it is done by a physician who is train~d and 
experienced in congenital heart disease. An echocardlOgram 
may increase the accuracy of diagnosis, particularly if the 
atrial septal defect is large (l). 
Minimal evaluation required for a decision regarding sports 
participation includes an electrocardiogram in addition to 
the history and physical examination. Patients in whom 
pulmonary hypertension is suggested by physical ex~mi­
nation (accentuated P2) or by electrocardiogram (severe nght 
ventricular hypertrophy) require cardiac catheterization be•
fore sports participation. 
There is an association of mitral valve prolapse with atrial 
septal defect (2). This may be identified on physical ex•
amination or by echocardiography. Supraventricular ar•
rhythmias may be present in the adult with long-standing 
volume overload from an atrial septal defect (3). Surgical 
closure of the defect before consideration of sports partic•
ip'ation is recommended for patients in whom arrhythmias 
may be improved by surgery, Most children with an atrial 
septal defect are referred for elective surgical intervention 
before the age at which they would be highly active in sports 
(see section B, Atrial Septal Defect, Operated). 
Recommendations. 
I. Patients with no pulmonary hypertension can participate 
in all competitive sports, The presence of mitral valve 
prolapse, in and of itself, does not change this 
recommendation. 
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2. Patients with pulmonary hypertension established by car•
diac catheterization (pulmonary artery mean pressure > 
20 mm Hg) can participate in low intensity sports (class 
1.8). 
3. Patients with mitral valve prolapse and mitral regurgi•
tation or ventricular arrhythmias should follow the same 
recommendation as those for patients with only mitral 
valve prolapse (Task Force III). 
B. Atrial Septal Defect, Operated 
Definition and evaluation. Atrial septal defect is one 
of the few forms of congenital heart disease which usually 
is totally cured by operation. Most often within 6 to 12 
months after the operation the auscultatory features char•
acteristic of atrial septal defect are gone. There is minimal 
or no cardiac enlargement, the electrocardiogram is normal 
or shows minimal residual right ventricular hypertrophy and 
the echocardiogram demonstrates normal cardiac size and 
function. Supraventricular arrhythmias may occur after re•
pair of the defect (4,5). Minimal diagnostic studies con•
ducted before a decision is made regarding competitive sports 
participation after repair of the defect in addition to physical 
examination include a chest radiograph, an electrocardio•
gram and a 24 hour ambulatory electrocardiogram monitor. 
Patients with preoperative pulmonary artery hypertension 
require a postoperative cardiac catheterization. 
Recommendations. 
I. Patients who are 6 months postsurgery and with well 
healed sternotomies can participate in all competitive 
sports unless any of the following is present: 
a) Pulmonary artery mean pressure greater than 20 mm 
Hg. 
b) Sinus node dysfunction (leading to symptomatic 
bradycardia-tachycardia syndrome) at rest or on 24 
hour electrocardiogram. 
c) Complete atrioventricular (A V) conduction block. 
d) Cardiomegaly on chest radiograph (cardiothoracic ra•
tio > 0.55). 
2. Patients in whom any of these conditions is present may 
participate in low intensity sports (class 1.8). 
C. Ventricular Septal Defect, Unoperated 
Definition and evaluation. For purposes of athletic rec•
ommendations, ventricular septal defects may be catego•
rized as small, moderate or large. The physician experienced 
in the evaluation of children with congenital cardiac disease 
can confidently make the diagnosis of a small ventricular 
septal defect by clinical features alone. The patient with a 
small defect has the characteristic harsh, holosystolic mur•
mur and absence of a diastolic flow rumble. The pulmonary 
component of the second heart sound is of normal intensity. 
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Chest radiograph and electrocardiogram are recommended 
as the minimal diagnostic evaluation before a decision is 
made regarding sports participation. If the heart size is nor•
mal radiographically and the electrocardiogram is normal, 
further noninvasive or invasive studies are unnecessary to 
evaluate severity. 
A patient with a ventricular septal defect who does not 
fit into the category of small defect as just defined requires 
further investigation that will almost always include cardiac 
catheterization before a decision is made regarding sports 
participation. Many of these patients, however, will have 
had elective closure of the defect before the age at which 
they are highly active in sports. Moderate and large ven•
tricular septal defects may have either high or low pulmo•
nary vascular resistance. Ventricular septal defects with greatly 
elevated pulmonary vascular resistance among individuals 
who are old enough to be involved in competitive sports 
are discussed under Eisenmenger Syndrome (see section M). 
A moderate defect with a low pulmonary vascular resistance 
will have a pulmonary to systemic flow ratio of approxi•
mately 1.5 to 2.0. A large defect with low pulmonary vas•
cular resistance is defined as a pulmonary to systemic flow 
ratio of greater than 2.0: I. A moderate ventricular septal 
defect without elevated pulmonary vascular resistance is 
characterized by one or more of the following: an apical 
diastolic flow murmur as well as the usual ventricular septal 
defect systolic murmur, mild radiographic cardiomegaly and 
left or biventricular hypertrophy on electrocardiogram. A 
large defect is characterized by pulmonary artery hyperten•
sion, moderate to severe cardiomegaly radiographically and 
biventricular hypertrophy on electrocardiogram. 
Recommendations. 
I. Patients with a small ventricular septal defect can par•
ticipate in all competitive sports. 
2. Patients with a moderate defect can participate in low 
intensity sports (class I. 8). 
3. Selected patients with a large ventricular septal defect 
may participate in some low intensity sports (class 1.8). 
D. Ventricular Septal Defect, Operated 
Definition and evaluation. Successful repair is char•
acterized by the absence of symptoms, absence of significant 
cardiomegaly or arrhythmia and normal pulmonary artery 
pressure. A small residual defect with the characteristic 
ventricular septal defect murmur may be present. Minimal 
diagnostic evaluation before sports participation in the post•
operative patient with ventricular septal defect includes chest 
radiograph, electrocardiogram, exercise tolerance testing and 
24 hour ambulatory electrocardiography. Patients with pre•
operative pUlmonary hypertension or clinical evidence of a 
residual postoperative ventricular septal defect require car•
diac catheterization. 
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Recommendations. 
I. Patients within 6 months of operation with no residual 
septal defect can participate in all competitive sports if 
the following conditions are present: 
a) Normal pulmonary artery pressure at cardiac 
catheterization. 
b) Normal 24 hour ambulatory electrocardiogram (Lown 
grade 0, I or 2). 
c) Normal exercise tolerance test (no ventricular ar•
rhythmias with exercise and normal physical working 
capacity for age). 
d) Mild or no hypertrophy on electrocardiogram. 
2. Patients with a residual moderate or large ventricular 
septal defect can participate in low intensity sports (class 
I.B). 
3. Patients with persistent postoperative pulmonary hyper•
tension cannot participate in competitive sports (see sec•
tion M, Eisenmenger Syndrome). 
E. Patent Ductus Arteriosus. Unoperated 
Definition and evaluation. The patient with a small pat•
ent ductus arteriosus has a characteristic murmur. The defect 
is characterized by the absence of symptoms, normal heart 
size and normal electrocardiogram. Further noninvasive or 
invasive studies are unnecessary for decisions regarding sports 
participation. A moderate or large patent ductus arteriosus 
is characterized by the typical murmur, an apical diastolic 
flow rumble, cardiomegaly by examination or chest radi•
ograph and left or combined ventricular hypertrophy by 
electrocardiogram. There mayor may not be evidence of 
pulmonary artery hypertension. Minimal additional diag•
nostic studies before limited sports participation in this set•
ting would include exercise testing and 24 hour ambulatory 
monitoring. Echocardiography or cardiac catheterization may 
be required in some cases. 
Recoinmendations. 
I. Patients with a small patent ductus arteriosus can par•
ticipate in all competitive sports. 
2. Patients with a moderate or large ductus must have it 
ligated before unrestricted competition. These patients 
may participate in sports of low intensity (class I.B). 
F. Patent Ductus Arteriosus. Operated 
Definition and evaluation. A successful surgical result 
is characterized by the absence of symptoms and normal 
cardiac examination, electrocardiogram and chest radi•
ograph. Minimal diagnostic studies before a decision is made 
regarding sports participation are a chest radiograph and an 
electrocardiogram. 
Recommendations. 
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I. Patients after operative closure of a patent ductus arte•
riosus who have no symptoms, a normal cardiac ex•
amination and chest radiograph may participate in all 
competitive sports 6 months after operation. 
2. Patients who had preoperative pulmonary hypertension 
must be restricted if pulmonary hypertension is still pres•
ent at postoperative catheterization (see section M, 
Eisenmenger Syndrome). 
G. Pulmonary Valve Stenosis With Intact 
Ventricular Septum. Unoperated 
befihition and evaluation. The severity of pulmonary 
stenosis may be defined by clinical features. Mild pulmonary 
valve stenosis is characterized by the absence of symptoms, 
a variable ejection sound, systolic ejection murmur, a nor•
mal electrocardiogram or mild right ventricular hypertrophy 
and a normal chest radiograph except for main pulmonary 
artery dilation on chest radiograph. Moderate to severe pul•
monary valve stenosis is similar to mild except for a longer, 
louder systolic murmur and more right ventricular hyper•
trophy on electrocardiogram. Symptoms mayor may not be 
preseht. Minimal diagnostic evaluation required before a 
decision is made regarding participation in a patient whose 
electrocardiogram and physical examination suggests mod•
erate or severe pulmonary stenosis includes measurement 
of the outflow gradient by cardiac catheterization and eval•
uation of right ventricuiar function by angiographic, quan•
titative two-dimensional echocardiographic. or nuclear tech•
niques. The use of continuous wave Doppler estimation of 
gradierlt may accurately predict severity. Because pulmo•
nary stenosis is not generally progressive, repeated cathe•
terizations are not likely to be required (unlike aortic ste•
nosis). Minimal periodic reevaluation of the athlete with 
mild pulmonary stenosis would include physical examina•
tion and electrocardiography at I to 2 year intervals. 
Recommendations. 
I. Patients with peak systolic transvalvular gradient of less 
than 50 mm Hg and normal right ventricular function 
can participate in all competitive sports. 
2. Patients with a peak systolic transvalvular gradient of 50 
mm Hg or more or evidence of right ventricular dys•
function, or both, can participate in low intensity sports 
(class I.B). Patients in this category ate likely to be 
referred for intervention by balloon valvuloplasty or for 
operative valvotomy (see section H, Recommendations). 
H. Pulmonary Valve Stenosis, Operated 
Definition arid evaluation. Adequate relief of pulmo•
nary steno~is is characterized by absence of symptoms as 
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well as physical examination and noninvasive laboratory 
studies compatible with mild pulmonary stenosis. Recom•
mended diagnostic studies are the same as for preoperative 
patients. 
Recommendations. 
1. Patients with adequate relief of obstruction and normal 
ventricular function 6 months after operative intervention 
can participate in all competitive sports. If balloon val•
vuloplasty is performed, a shorter interval after relief of 
the gradient may apply. 
2. Patients with persistent moderate to severe pulmonary 
stenosis after surgery follow the same recommendations 
as for preoperative patients. 
I. Coarctation of the Aorta. Unoperated 
Definition and evaluation. This anomaly is character•
ized by an obstruction in the juxtaductal area such that there 
is a higher arterial pressure in the upper limbs with relatively 
lower pressure and pulses in the lower limbs. The anomaly 
may be present in mild, moderate or severe forms. Severity 
may be assessed by the arm to leg blood pressure gradient 
at rest, by physical examination, by exercise testing, by 
evidence of collateral circulation radiographically on phys•
ical examination and by other noninvasive studies. 
Issues that must be raised in consideration of sports rec•
ommendations for the patient with coarctation of the aorta 
include hypertension and the long-term effects of hyperten•
sion on ventricular function as well as the possibility of 
rupture of the aorta with trauma (6). Cerebrovascular com•
plications in individuals with coarctation of the aorta are 
associated with hypertension. The incidence increases with 
increasing age (7,8). Surgi'cal repair in childhood will be 
likely to be recommended in all except mild coarctation. 
Recommendations. 
1. Patients with mild coarctation of the aorta with the ab•
sence of large collateral vessels or aortic root dilation 
and who have normal exercise testing results (including 
normal physical working capacity, normal rhythm, nor•
mal c~ronotropic response to exercise and normal max•
ip1~! upper extremity blood pressure) may participate in 
sports of low intensity (class I. B) and selected patients 
l11ay engage in some sports with a high to moderate 
dynamic and low static demands (class I.A.2). These 
patients may not participate in sports with a danger of 
body collision (class II). 
2. Patients with hypertension at rest or with exercise cannot 
participate in competitive sports. 
3. Coarctation often occurs in association with other anom•
alies such as ventricular septal defects or aortic stenosis. 
In these situations the recommendation regarding the 
associated defect must be reviewed before a decision is 
made regarding athletic competition. 
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Definition and evaluation. The majority of patients will 
have coarctation repair during childhood. After repair, they 
may have persisting abnormalities such as mild residual 
gradient, ventricular hypertrophy, hypertension and residual 
obstruction evident at rest or with exercise (9-11). Evalu•
ation of severity is similar to that in the unoperated patient. 
Minimal diagnostic studies before a decision is made re•
garding sports participation include a chest radiograph, an 
electrocardiogram, exercise testing and evaluation of left 
ventricular function (by quantitative two-dimensional echo•
cardiographic, angiocardiographic or nuclear techniques). 
Recommendations. 
I. Competitive sports participation 6 months or more after 
coarctation repair is permitted for patients in whom there 
is no arm to leg blood pressure gradient at rest, peak 
blood pressure during maximal exercise testing is nor•
mal, there is no cardiac enlargement by examination or 
by chest radiograph, there is minimal or no ventricular 
hypertrophy on electrocardiogram or echocardiogram and 
in whom left ventricular function is normal (as assessed 
by echocardiography, ventriculography or nuclear tech•
niques). A theoretical risk of aorta rupture with impact 
may exist with the postoperative coarctation patient. 
Limitation of participation in sports with a danger of 
body collision (class II) for a longer period than usual 
after operation (1 year) is recommended for this reason. 
K. Aortic Valve Stenosis. Unoperated 
Definitions and evaluations. In this anomaly, it is rel•
atively easy to make a clinical diagnosis, but assessment of 
severity without cardiac catheterization is less certain. Se•
vere congenital aortic stenosis is suggested by a positive 
history of fatigue, lightheadedness, dizziness, syncope with 
effort, chest pain with effort or pallor with exercise. A 
negative history, however, may be compatible with severe 
stenosis. This lesion may progress in severity with growth. 
Aortic stenosis has been associated with sudden, unexpected 
death; thus, a periodic reevaluation is necessary. 
For purposes of sports recommendations, mild aortic ste•
nosis is manifest by a gradient of 20 mm Hg or less at rest. 
Moderate severity of aortic stenosis is defined by a gradient 
of 21 to 39 mm Hg. Severe aortic stenosis has a left ven•
tricular to aortic peak systolic pressure gradient of 40 mm 
Hg or more. 
The young patient with an isolated bicuspid aortic valve 
(click alone or click associated with a grade I murmur) may 
be considered normal with regard to recommending sports 
participation on the basis of physical examination alone. 
Otherwise cardiac catheterization is required before a de•
cision is made regarding athletic participation for individuals 
with the clinical diagnosis of aortic stenosis. 
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Recommendations. 
1. Patients with mild aortic stenosis «20 mm Hg gradient 
at rest) can participate in all competitive sports if the 
following conditions are met: 
a) Normal electrocardiogram at rest (no hypertrophy and 
no arrhythmia). 
b) Normal exercise tolerance test (normal physical working 
capacity by duration of exercise, normal rise in blood 
pressure with maximal exercise, no arrhythmia with 
exercise and absence of ischemic ST change) (12,13). 
c) Absence of cardiomegaly. 
d) Normal left ventricular function by echocardiogram, 
angiogram or nuclear study. 
e) No arrhythmia at rest, with exercise or on 24 hour 
electrocardiography (Lown grade 0, 1 or 2). 
2. Patients with moderate aortic stenosis «40 mm Hg gra•
dient at rest) can participate in low intensity sports (class 
I.B) and selected cases may engage in some sports with 
high to moderate static and low dynamic demands (class 
I.A.3) if the following conditions are met: 
a) Mild or no left ventricular hypertrophy and no left 
ventricular strain on electrocardiogram. 
b) Normal exercise test (as defined earlier). 
c) No arrhythmias on 24 hour ambulatory electrocardi•
ography (Lown grade 0, 1 or 2). 
Yearly assessment is particularly important for this group 
of athletes because aortic stenosis may be progressive. This 
assessment should include M-mode echocardiographic es•
timate of left ventricular pressure (225 x end-systolic wall 
thickness/end-systolic wall diameter) (35), echocardio•
graphic or nuclear estimate of left ventricular function, 
quantitative continuous wave Doppler estimate of transval•
vular gradient and exercise testing. Evidence of progression 
of severity of aortic stenosis by any of these techniques, 
evidence of progression of severity of stenosis by physical 
examination or development of symptoms would be an in•
dication for repeat catheterization in the athlete with con•
genital aortic stenosis. In general cardiac catheterization is 
repeated after rapid growth during adolescence. 
3. Patients with severe aortic stenosis (>40 mm Hg gradient 
at rest) can not participate in competitive sports. 
L. Aortic Valve Stenosis, Operated 
Definition and evaluation. After operation, a variable 
degree of improvement in the obstruction may occur. Aortic 
regurgitation may appear in the postoperative patient who 
did not have regurgitation before surgery. Although im•
provement in exercise capacity and resolution of abnormal 
electrocardiographic changes with exercise may be dem•
onstrated after surgical treatment of aortic stenosis (14), the 
predictive value of exercise assessment of the postoperative 
patient is less than that of the preoperative patient (15). 
lACC Vol. 6, No.6 
December 1985: 1200--8 
Cardiac catheterization before sports participation after sur•
gery is required. Additional diagnostic studies before a de•
cision is made regarding sports participation include a chest 
radiograph, an electrocardiogram, exercise testing, echo•
cardiographic assessment and 24 hour ambulatory monitor•
ing. Periodic evaluation of the athlete who has had surgery 
for aortic stenosis is required at 1 to 2 year intervals. Non•
invasive reevaluation is the same as for the unoperated ath•
lete with aortic stenosis. The frequency of repeat catheter•
ization will depend on the age of the patient (that is, the 
rate of growth) and the degree of experience and confidence 
with noninvasive assessment in an individual laboratory. 
Recommendations. 
1. Patients with a trivial gradient at rest after surgery who 
meet the same criteria as the preoperative patient with 
mild aortic stenosis can participate in all competitive 
sports. 
2. Postoperative patients with a mild residual aortic stenosis 
may participate in low intensity sports (class I.B) and 
selected cases can engage in some sports with a high to 
moderate static and low dynamic demand (class I.A.3) 
if the following conditions are present: 
a) Heart size no more than slightly dilated by X-ray film, 
by echocardiogram or by angiogram. 
b) Left ventricular function normal to supernormal by 
echocardiogram or angiogram. 
c) Mild or no aortic regurgitation by auscultation, an•
giogram or Doppler ultrasound. 
d) Normal exercise test (as defined for preoperative 
patients). 
e) No ventricular arrhythmia at rest, with exercise test•
ing or on 24 hour ambulatory monitor (Lown grade 
2 or less). 
3. Postoperative patients should be limited to low intensity 
sports (class I.B) if the following conditions are present: 
a) Left ventricle is more than slightly dilated (by any 
technique). 
b) Aortic regurgitation is more than mild (by ausculta•
tion, Doppler ultrasound or angiography). 
c) Electrocardiogram shows ST -T changes at rest or with 
exercise. 
d) Serious arrhythmias are present at rest, with exercise 
or on 24 hour ambulatory monitor. 
M. Elevated Pulmonary Vascular Resistance, 
Eisenmenger Syndrome 
Definition and evaluation. Patients with pulmonary 
vascular obstructive disease due to the Eisenmenger syn•
drome or associated with primary pulmonary hypertension 
are at particularly high risk of sudden death during sports 
activity. As pulmonary vascular obstruction progresses, these 
patients develop cyanosis at rest, intense cyanosis with ex-
JACC Vol. 6, No.6 
December 1985: 1200--8 
ercise, symptoms of right-sided congestive heart failure and 
complex ventricular dysrhythmias on exertion (16). 
Recommendations. These patients should not partici•
pate in competitive sports because they have a greatly in•
creased chance of sudden death even without physical activity. 
N. Cyanotic Cardiac Disease, Unoperated 
Definition and evaluation. In most cases, cyanotic con•
genital heart disease produces severe exercise intolerance 
and progressive hypoxemia. Sports participation is not likely 
for patients with unoperated cyanotic cardiac disease. How•
ever, there are a few patients with cyanotic congenital heart 
disease who reach adolescence or even early adult life with 
very little or no resting cyanosis and shortness of breath 
only with exercise. Nevertheless, patients who appear 
asymptomatic at rest may experience a rapid and profound 
decrease in arterial oxygen saturation during sports partic•
ipation (18-20). 
Recommendations. Patients with unoperated cyanotic 
congenital heart disease may participate in low intensity 
sports (class I. B) . 
O. Postoperative Palliative Surgery 
Definition and evaluation. Palliative surgery may be 
performed to increase pulmonary blood flow in patients with 
decreased pulmonary blood flow or to limit pUlmonary flow 
in patients with excessive pulmonary blood flow. Often 
these patients have significant relief of symptoms at rest. 
However, arterial desaturation during sports may occur in 
this group of patients as well (17, 19,20). 
Recommendations. Patients can participate in low in•
tensity sports (class I.B). Selected cases may be permitted 
to participate in some of the less intense sports in the class 
l.A.2 and l.A.3 categories providing that there is: 
I. Arterial saturation remaining above 80% with exercise. 
2. No arrhythmia at rest, with exercise testing or on 24 
hour ambulatory monitor. 
3. Mild or no chamber dilation by chest radiography or 
echocardiogram. 
4. Nearly normal physical working capacity on exercise 
testing. 
P. Postoperative Tetralogy of Fallot 
Definition and evaluation. Standard treatment of te•
tralogy of Fallot is a corrective operation in early childhood. 
As survival without persisting symptoms has become com•
mon in this group of patients, questions regarding athletic 
participation have become frequent. The patient who has 
had tetralogy of Fallot repaired may have persisting abnor•
malities including residual right ventricle to pulmonary ar•
tery gradient, an abnormal (fibrotic) right ventricle or per-
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sisting ventricular septal defect. Important abnormalities after 
surgical treatment may be present despite a lack of symp•
toms. Patients who have had repair of tetralogy of Fallot 
are at risk for sudden death (21). Minimal diagnostic eval•
uation for a decision regarding sports participation requires 
a chest radiograph, an electrocardiogram, exercise testing 
and a 24 hour ambulatory monitor. Postoperative cardiac 
catheterization will be needed before a decision is made 
regarding participation in competitive sports of very high 
physical intensity in most circumstances to accurately iden•
tify individuals with persistent right ventricular hyperten•
sion. A selected individual may have a very soft systolic 
murmur without evidence of right ventricular dominance on 
physical examination, without pulmonary regurgitation and 
with a normal pulmonary component of the second sound 
after repair of tetralogy of Fallot. In such a case, a decision 
regarding participation in competitive athletics may be reached 
without the need for postoperative catheterization. 
Recommendations. After repair of tetralogy of Fallot, 
a number of individuals have participated in high intensity 
sports without difficulty (22,23). In general, participation 
has. however. been limited even with an optimal status after 
repaIr. 
1. The patient with a repair of tetralogy of Fallot could be 
permitted participation in all competitive sports provid•
ing that there is: 
a) Almost normal right heart pressure at cardiac cath•
eterization (peak systolic right ventricular pressure ::; 
40 mm Hg and right ventricular end-diastolic pressure 
::; 8 mm Hg). Supine exercise sufficient to elevate 
the heart rate to 120 or above should not raise the 
right ventricular pressure above 70 mm Hg (24,25). 
b) No right to left shunt at postoperative cardiac cath•
eterization using dye dilution curves. 
c) Demonstration of no or of very small residual intra•
ventricular communication with a pulmonary to sys•
temic flow ratio of less than 1.5: I. In individual cases 
in which postoperative catheterization is not required 
as discussed earlier, absence of a postoperative shunt 
may be determined noninvasively. 
d) No ventricular arrhythmia at rest, no ventricular ar•
rhythmia with maximal exercise stress test and Lown 
grade 0 or I ventricular arrhythmia on 24 hour am•
bulatory monitor (21). 
e) Minimal or no cardiac enlargement by chest radi•
ograph (cardiothoracic ratio < 0.55). 
f) Normal ventricular function by two-dimensional 
echocardiogram, nuclear testing or angiography (26). 
2. The patient with mildly reduced right ventricular func•
tion (qualitatively by two-dimensional echocardiog•
raphy, angiography or nuclear techniques) or with a mildly 
dilated ventricle can participate in low intensity sports 
(class I.B). Selected cases may be permitted to partic-
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ipate in some of the less intense sports in the class I.A.2 
and I.A.3 categories providing that there is: 
a) Normal or nearly normal duration of exercise with 
exercise testing. 
b) No ventricular arrhythmia at rest, during exercise 
testing or with 24 hour ambulatory monitor as just 
defined. 
Reevaluation at yearly intervals is required for athletes 
who have had repair of tetralogy of Fallot. Particular atten•
tion should be given to the late development of ventricular 
dysrhythmias. Evaluation would be similar to that before a 
decision is made regarding sports participation. Repeat post•
operative cardiac catheterizations are not routinely required 
unless changes are suggested by examination or noninvasive 
assessment. 
Q. Transposition of the Great Arteries, 
Postoperative Mustard or Senning Operation 
Definition and evaluation. Unoperated patients with 
transposition of the great arteries are generally not athletes. 
Repair is usually required before an age at which sports 
participation is an issue. The adolescent or young adult who 
has had a Senning or Mustard operation may feel quite 
healthy and wish to compete in sports. This situation is 
characterized by the anatomic right ventricle functioning as 
the systemic pumping chamber. Postoperative hemody•
namic abnormalities, including abnormal systemic ventric•
ular function and limitation of cardiac output with exercise, 
may exist. The risk of sudden death from supraventricular 
dysrhythmias is of concern in this group of patients as is 
the possibility of a deterioration of right ventricular function 
with training. Sudden death after repair of transposition of 
the great arteries is related to sinus node dysfunction and 
to supraventricular dysrhythmias, predominantly atrial flut•
ter. Whether effects of training causing increased vagal tone 
and sinus bradycardia increase the risk of symptomatic sinus 
dysfunction in a patient who had a Mustard or Senning 
operation is unknown. Left ventricular dilation and left ven•
tricular hypertrophy develop in the normal, highly fit young 
athlete. Because of the anatomy of the right ventricle, its 
reserve is intrinsically less than that of the left ventricle. 
Consequences of the equivalent of "athlete's heart syn•
drome" on the right ventricle in a highly trained individual 
after a Mustard or Senning operation for transposition of 
the great arteries is unknown as well. For these reasons, 
high physical intensity isometric or aerobic sports are elim•
inated for this group as a whole. Evaluation before com•
petition in moderate and low physical intensity sports for 
individuals in this category in addition to history and phys•
ical examination includes chest roentgenogram, electrocar•
diogram, echocardiogram, 24 hour ambulatory electrocar•
diographic recording, exercise testing and postoperative 
cardiac catheterization. 
Recommendations. 
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1. Patients with a Mustard or Senning operation may be 
permitted to participate in sports of low intensity (class 
I.B). Selected cases may engage in some sports of high 
to moderate dynamic and low static demands (class I.A.2) 
if: 
a) There IS no cardiac enlargement on chest 
roentgenogram. 
b) Electrocardiogram shows no abnormality other than 
low voltage P waves and right ventricular hypertro•
phy. Conduction disturbances, junctional rhythm and 
atrial arrhythmias would be causes for limitation of 
athletic activity. 
c) There is normal or nearly normal right ventricular 
size and function by angiography or nuclear studies 
(27,28). 
d) No supraventricular tachycardia or severe sinus 
bradycardia is found on 24 hour electrocardiographic 
monitoring. 
e) No ventricular or supraventricular arrhythmia occurs 
during exercise testing and no bradycardia occurs after 
exercise (29,30). 
Periodic reevaluation at yearly intervals is required for 
the athlete who has had a Mustard or Senning repair of 
transposition. Particular attention should be directed to the 
late development of arrhythmias. Yearly reevaluation would 
include the same studies that were done before a decision 
was made regarding sports participation except for cardiac 
catheterization. Repeat catheterizations would not auto•
matically be required unless changes occur on examination 
or on noninvasive testing. 
Even the mildly symptomatic patient and the patient with 
a hemodynamic or electrical abnormality may enjoy rec•
reational and very low activities without inordinate risk or 
discomfort. 
R. Postoperative F ontan Operation 
Definition and evaluation. The Fontan operation is 
characterized by a communication from the right atrium to 
the pulmonary artery without an effective right-sided pump•
ing chamber. The operation is for the long-term palliation 
of a patient with tricuspid atresia or single ventricle. Al•
though patients may feel reasonably well after the Fontan 
operation, they are likely to have limited exercise capacity. 
Competitive athletics are less likely to be an issue with this 
situation than in the patient who has had a Mustard or 
Senning operation for transposition or than the patient with 
correction of tetralogy of Fallot. Patients after Fontan op•
eration who are asymptomatic may have low rest cardiac 
output and low cardiac output with exercise (31-33). Post•
operative dysrhythmias and late postoperative sudden deaths 
have occurred. Diagnostic evaluation before a limited de•
gree of sports participation includes a chest radiograph, an 
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electrocardiogram, maximal exercise testing and evaluation 
of left ventricular function, Evaluation of ventricular func•
tion may be accomplished by various echocardiographic 
techniques, nuclear ventriculography or angiography. 
Recommendations. Patients after the Fontan operation 
whose hearts are not greatly enlarged and who are free of 
arrhythmias can participate in low intensity sports (class 
I.B). Selected cases may be permitted to engage in some 
of the less intense sports in the class I.A.2 and I.A.3 cat•
egories providing that the patient: 
a) Achieves nearly normal physical working capacity 
with exercise testing by duration of exercise on a 
standard protocol. 
b) Has no ventricular or supraventricular arrhythmia at 
rest or during exercise testing. 
c) Has no ventricular arrhythmia greater than Lown grade 
I, no supraventricular tachycardia and no severe sinus 
bradycardia on 24 hour ambulatory electrocardio•
graphic recording. 
d) Has no signs of congestive heart failure. 
e) Has no oxygen de saturation «80%) with exercise 
testing. 
£) Has normal or nearly normal left ventricular function. 
S. Anomalous Left Coronary Artery Arising From 
the Right Sinus of Valsalva 
Definition and evaluation. This rare but important 
anomaly results in the left main coronary artery coursing 
between the pulmonary trunk and the anterior aspect of the 
aorta. Sudden death in young athletes has been associated 
with this anomaly (34,35). Evaluation of the postoperative 
patient would include coronary angiography and exercise 
testing. 
Recommendations. 
I. Although identification before death is difficult (34), de•
tection of this abnormality should result in exclusion 
from sports participation. Surgical treatment may de•
crease the risk of sudden death. 
2. Sports participation 6 months after surgical treatment 
would be permitted for an individual with a patent anas•
tomosis and no ischemia during maximal exercise testing. 
T. Marfan's Syndrome 
Definition and evaluation. Marfan's syndrome is an 
autosomal dominant disorder with a variable severity of 
manifestations. Abnormalities include arachnodactyly, len•
ticular dislocation, atrioventricular valve prolapse, aortic 
valve regurgitation, aortic dilation and aortic dissection. 
Aortic dissection is known to cause sudden death (35). Al•
though diagnosis is by physical examination, echocardi•
ography is required to evaluate the degree of aortic dilation 
before a decision is made for sports participation. 
Recommendations. 
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I. Patients with Marfan' s syndrome should not participate 
in sports with a danger of body collision (class II). 
2. Patients without aortic root dilation or mitral regurgi•
tation may participate in sports of low intensity (class 
I.B) and selected cases may engage in some sports with 
high dynamic and low static demands (class I.A.2). 
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